The word 'ecology' has come to mean, for the general public, conservation, preservation, and pollution control. These activities, to the extent that they are scientifically informed, are actually applied ecology. Those interested in discussions of this literature will find useful the critical reviews by Gordon B. Dodds, Michael J. Lacey, and Donald Fleming, Ronald J. Fahl's bibliography, and also the new historical journal, Environmental reoieto? The scope of these reviews, and the literature discussed, is largely, but not entirely, confined to America.
quity to about 1800 there is a very useful detailed history of environmental studies by Clarence J. Glacken , Traces on the Rhodian shore? His perspective is that of the historical geographer. There are three ideas which are themes for his study: a designed earth, environmental influences, and man as a geographic agent. Both Glacken's discussion and references will provide a useful beginning for investigations into ecological ideas before 1800.
For the period since Darwin and Haeckel, there is coverage in some detail in a collection of Essays on the history of ecology by ten scholars, written in Russian with English summaries.' The scope is broad, there are useful references, and it is desirable to have the volume translated into a major West European language.
Edward J. Kormondy has compiled a set of papers, Readings in ecology (Englewood Cliffs, N.J., 1965), which encompasses the entire history of ecology, though not evenly, and some of the selections are abridged. Antiquity is represented only by Theophrastus, and the eighteenth century only by Reaumur, Linnaeus, and Malthus, with no representatives for the time between these periods. The six selections from the nineteenth century hardly do justice to the contributions made in that century, but the coverage for the period of formally organized ecology is representative. Selections are arranged under the headings of "The physical and chemical environment", "The study of populations", "The study of communities", and "The concept of the ecosystem". This book was compiled for student use and does provide a convenient source book for that purpose.
There is a comprehensive survey of animal ecology from Antiquity to 1940 in two chapters by W. C. Allee, "Ecological background and growth before 1900", and Thomas Park, "First four decades of the twentieth century", in a compendium published in 1949, Principles of animal ecology.& After almost three decades these chapters retain their value as a reference because of their broad coverage and many citations of primary sources. Charles C. Adams's Guide to the study of animal ecology (New York, 1913; is as valuable to the historian today as it was to the ecologist when published. Its historical value lies in its annotated subject bibliographies, which provide a reliable guide to the literature from around 1870 to 1913, with some earlier citations. Limnology, oceanography, and plant ecology are also represented.
There is no comprehensive survey of the history of plant ecology, but for the period from Antiquity to about 1850 Charles A. Browne's A source book of agricultural chemistry provides good indication of the progress in understanding of the relationship of plants to soil and the atmosphere. Several plant ecologists have written progress reports for the formally organized period of ecology. ' H. H. Trass has very recently published (in Russian) Geobotany:
History and contemporary trends of development, which provides a comprehensive survey of much of plant ecology. Although he does discuss Linnaeus, coverage is otherwise confined to the nineteenth and twentieth centuries. His decision to organize the chapters according to geographical regions rather than chronologically is not ideal from the standpoint of history of science, but it does have some logical justification, because regional schools of plant ecology have developed. This book, which it is also desirable to have translated into a West European language, should be consulted by those interested in plant ecology even if they do not read Russian, because it has an extensive bibliography of titles in western languages, a table of contents in English, and the best collection of portraits of ecologists of which I am aware. These fortythree portraits plus two group pictures have names given only in Russian, but for most of them life dates are also included, which assists with identification those who do not read Russian. Jack Major is preparing a review of Trass's Geobotany for Ecology. The surveys of writings on plant succession by Clements (1916) , plant sociology by Du Rietz (1921), and classification of natural communities by Whittaker (1962) also provide useful general information concerning the history of plant ecology."
The history of ecology in America is surveyed in two articles by myself and Robert P. Mclntosh," We attempted to relate developments in America both to European developments in ecology and also to the history of American culture. References to both primary and secondary sources are extensive, and our articles may be of value not only to students of ecology in America, but also to others who wish to compare American progress with that in other countries. Two articles in the Russian volume cited above (refA) are on the progress of ecology in the USSR. There is also an article by the eminent ecologist A. G. Tansley on "The early history of modern plant ecology in Britain", which takes some note of the work of ecologists in other countries as well. Detailed ecological observations were first made late in: the seventeenth century by naturalists such as Leeuwenhoek and Ray, but Carl Linnaeus apparently was the first naturalist who realized the need for a coherent ecological science. He wrote an important essay, Oeconomia naturae (1749), which provided an outline for such a science. His "economy of nature" was a concept which had come down from Antiquity, more commonly known at present under the name "balance of nature". In the eighteenth century this concept was a useful basis around which to organize an ecological science. However, Linnaean systematics attracted more attention and overshadowed his ecological interests. Thus, his ecology did not flourish, but neither was it entirely overlooked.
His ecological writings are not long, but fairly numerous, and his bibliography is complex. One needs to know, in the first place, that many of his important essays were defended as theses for degrees by his students, and then published under the student's name." For example, the essay on the economy of nature: Specimen academicum de oeconomia naturae, quod Praeside Carolo Linnaeo, submittit I. J. Biberg (Upsala, 1749).
These studies, whether appearing under Linnaeus's own or his students' names, were collected and published under the title Amoenitates academicae (10 vols, 1749-90 Phenology was too narrow a foundation for a comprehensive science of ecology, but shortly after Barton published his discussion, Alexander von Humboldt began publishing his phytogeographical works. Humboldt had a strong interest in ecological investigations, but generally he managed to pursue them from his orientation as a geographer. His program of research was extremely ambitious, and his writings were responsible for awakening ecological interests in most of the naturalists of the first half of the nineteenth century. In 1864 the American George Perkins Marsh explicitly proposed that room be made within geography for the study of plants and animals in relation to their surroundings."
Buffon, a contemporary of Linnaeus, was the other leading naturalist of the eighteenth century. He also developed an important ecological perspective which he expressed in his writings on the natural history of mammals. Although he did not urge the development of a new ecological science," his writings undoubtedly influenced Isidore Geoffroy Saint-Hilaire. The young Geoffroy Saint-Hilaire was no doubt also very familiar with the writings of Humboldt and of his father, Etienne Geoffroy Saint-Hilaire. In 1830 Isidore began lecturing on "the interrelations of animal species and their relations with the environment".18 These lectures were favourably received, and it would be interesting to know more about them, their background and influence. In his Histoire naturelle generale des regnes organiques, principalement etude chez l'homme et les animaux (3 vols, 1854-62) he described the ecological science which he had in mind under the name "ethologie", which in 1902 William M. Wheeler thought preferable to the term "oecology" . 19 Geoffroy Saint-Hilaire's perspective was advanced by Espinas," but a more fundamental new direction for the ecological perspective came from Charles Darwin's theory of evolution by natural selection. Although Darwin himself took no direct steps to define and organize an ecological science, he was indirectly responsible for this occurrence. His own ecological perspective came from reading Humboldt, Lyell, and Linnaeus (in that order).21 Ernst Haeckel, who in 1866 coined the term 'oecologie' and defined the science, realized that Darwin's theory of evolution by natural selection pointed to the importance of understanding the "relations of the organism to the environment including, in the broad sense, all the 'conditions of existence' ".22 Darwin's theory displaced Linnaeus's economy of nature as the foundation of ecological science, though Darwin himself seems not to have fully realized the incompatibility of the two concepts." Although Haeckel has received recognition for appreciating the need for an ecological science, for coining the term 'oecologie' and providing a useful definition of it,24 he has not generally received high marks as an ecologist himself. Stauffer and Lussenhop have examined his criticisms of the findings of the capable zoologist Victor Hensen and have both concluded that Haeckel's negative judgements of Hensen's quantitative methods and conclusions were ill founded." Nevertheless, Lussenhop admits that difficulties remained with Hensen's methods, and Haeckel's own plankton studies which were the basis of his criticisms have not been evaluated by historians of ecology." It is clear that, contrary to some published claims, Haeckel did have a real interest in ecology. In the controversy with Hensen he at the very least performed the valuable gadfly function of demanding greater accuracy in data and methodology from plankton investigators.
Because of Haecke1's role in founding ecology as a formal science, historians of ecology should take note of his position in the history of science in general. On the one hand, he was an imaginative, sometimes brilliant, student of morphology and phylogeny. On the other hand, he was concerned with the public dissemination of information concerning the implications of evolutionary biology for religion, philosophy, and social policy. This latter concern, which is commendable when pursued with scholarly caution and objectivity, was in Haeckel's case marred by a most unsavory nationalism, militarism, and racism. Gasman has recently claimed that Haeckel's ideological distortions of Darwinism provided an important foundation for Nazism. While one reviewer has expressed skepticism that Haeckel's Die Welttiitsel was as influential as Gasman believes, the fact that Haeckel distorted scientific knowledge for unworthy ideological reasons seems clear." Historians of ecology will want to give Haecke1 his due by fully clarifying his positive contributions to ecology, but without glossing over his negative contributions either in science or in his writings for the public.
In 1959 Oehser pointed out that, in The correspondence of Henry David Thoreau (1958) , Thoreau is quoted as having written on 1 January 1858: "Mr Hoar is still in Concord, attending to Botany, Ecology, &c with a view to make his future residence in foreign parts more truly profitable to him." This alleged use of the word ecology was eight years before Haeckel was assumed to have first coined the term. Oehser's discovery has been widely repeated in print, even being included in the 1972 supplement to the Oxford English dictionary. This in spite of the fact that in 1965 one of the editors of The correspondence of Henry David Thoreau, Walter Harding, took another look at the manuscript and concluded that the word that Thoreau wrote was "Geology", not "Ecology".28
In the last decades of the nineteenth century a single science of ecology did not emerge-it is arguable that it never has--but rather the sciences of oceanography, limnology, plant ecology, and animal ecology began to emerge. There is, nevertheless, a common outlook and a common body of ecological ideas that these sciences share. Although Haeckel was a zoologist and defined ecology in terms of animal ecology, his name was first taken up and developed by plant ecologists. First to use the word in the title of a book was Hans Reiter, in his Die Consolidation der Physiognomik als Versuch einer Oekologie der Getoaechse. Mit einem Anhang: Das System der Erdkunde (Graz, 1885). It would be interesting to know the development and content of Reiter's ideas and their influence. The British zoologist Burden-Sanderson and the American botanist Louis Hermann Pammel both used the term 'ecology' in their published writings in 1893, and the American zoologist Stephen A. Forbes used it in 1895.-However, Eugen Wanning deserves a substantial amount of the credit for having established the general usage of the term 'ecology' and the perspective that goes with it when he published his Plantesamfund: Grundtraek af den Bkologiske Plantegeografi (1895; German transl., 1896). 30 An important milestone in the maturing of a science is the establishment of societies, journals, and other institutions relating to that science.
Tansley's historical essay provides a little of this kind of information for ecology in Britain, and Robert L. Burgess is presently studying the history of the Ecological Society of America," It would be useful to have similar studies on other countries as an indication of the progress of the science worldwide.
POPULATION ECOLOGY
Although population ecology only achieved prominence in the second quarter of the twentieth century, its roots go back to the beginnings of as early as 707 BC, and Babylonian records may be even earlier," The earliest significant interpretations of population data are from Herodotus, and the Aristotelian writings contain the ingredients for all! impressive science of population biology. Those ingredients were not, however, effectively mixed." Herodotus pointed out the correlation between the ecological role of a species as a predator or prey and its reproductive rate, whereas the Aristotelians preferred to emphasize the correlation between the number of offspring and size of the species. These potentially conflicting interpretations were not, however, debated.
The next major contribution to population biology came when the mathematician Leonardo Fibonacci asked in his Liber abbaci (1202; 2nd ed., 1228) how many pairs of rabbits could be produced from one pair in one year, given that rabbits mature in one month and that each pair produces one pair per month? Although his data were chosen for mathematical convenience rather than being derived from observation, this was the first demonstrated calculation of the rate of increase for a species," The next such effort known to me was Denis Petau's attempt in 1627 to calculate the possible rate at which the world had been populated after the flood of Noah. This was the first mathematical investigation into human demography. Sir Thomas Browne (1646), John Graunt (1662), and Sir Matthew Hale (1677) were among the other early speculators on tms problem. Both Browne and Hale attempted to strengthen their case by appealing to data on the rates at which animal populations can increase."
Graunt founded demography and statistics with the publication of his Natural and political observations . . . made upon the bills of mortality (London, 1662). His discovery of the statistical regularity of the occurrence of the sex ratio and his data Oili the life expectancy of people at different ages were potentially applicable to animal populations as well. He also showed some interest in animal demography by reporting to the Royal Society on the growth in length of salmon and the rate of population increase of carp,"
Antoni van Leeuwenhoek shortly thereafter began sending his micro-scopic observations to the Royal Society of London. His statement in 1676 that he had observed several thousand animalcules in a single drop of water was met with incredulity. He was thus stimulated to devise a method of counting them. He later used his technique to estimate the numbers of sperm and eggs in fish, crabs, and other animals, Still later, he calculated on the basis of observations the rates of increase of mice and various insects. These quantitative studies were the most extensive that had ever been made upon animal populations, and Leeuwenhoek must be considered an important founder of population ecology." His contemporary, Denis Dobart, a French botanist, made somewhat similar calculations on the lifetime seed production of an elm tree in 1700, which Richard Bradley translated into English." During the eighteenth century William Derham (1713) and Buffon (1749 and later) both wrote on human as well as animal populations, thereby advancing both subjects. Other notable naturalists of the century, including Reaumur and Linnaeus, also made useful contributions to the stock of information on population biology."
The main theory applied to this information was the balance of nature (discussed in the following section). Among the important questions relating to population biology were spontaneous generation'" and the possibility of the extinction of species," Leeuwenhoek had published evidence that the knowledge of life histories of insect pests might help control their population. Outbreaks of insect plagues in crops or forests often led to interest in the relationship between insect numbers and environmental coaditions,"
Around the beginning of the nineteenth century Alexander von Humboldt wrote 0Di both animal and human populations as part of his extensive survey of both the natural and human resources of Latin America. He was interested in the populations of domestic cattle as well as wild edible turtles, because he saw the necessity of controlling the harvest of both. Probably every naturalist in the first half of the nineteenth century read Humboldt's Personal narrative of his travels, and some of them picked up an interest in population biology. Although Humboldt read and recommended Malthus's Essay on the principle of population, he seems to have had reservations about Malthus's ideas. Population pressure and the resulting competition played no role in Humboldt's thinking.f Before the nineteenth century one can find interesting isolated observations on competition, but competition was not clearly distinguished from predation. Malthus did not clarify this situation, merely stating that the populations of plants and animals, unlike man's, are held stable by natural checks. Augustin Pyramus de Candolle was apparently the first to realize that population pressure and competition might be important for the geographical spread of plant species (1820), and he may have got the idea after he talked with Malthus in 1816. Charles Lyell, however, deserved .the credit for having developed so well de Candolle's idea to explain both the spread and extinction of species. 44 Although virtually all of Lyell's population data came from the literature, and although he lapsed a few times into simplistic explanations, the discussion of population ecology in vol. ii of his Principles of geology (1832) was the best account before Darwin. It is clear from Lyell's references that his thinking on the subject was indebted to Linnaeus, Humboldt, and de Candolle.
Darwin's theory of evolution was built upon the facts that all species produce varying offspring and more of them than can survive, and upon the assumption that this leads to a struggle for existence, with only the fitter surviving. In Lyell's discussion population ecology had become more significant for biology than it had been before, but Darwin made it a central part of a scientific revolution. It is therefore of interest to know the influences upon his thinking, the content and evaluation of his writing, and his influence concerning population ecology.
Darwin's letters, notebooks, his Journal of researches (1839), and the three manuscript versions of the work that in 1859 became The origin of species provide extensive evidence for the development of his thoughts. In October 1838, that is, fifteen months after I had begun my systematic enquiry, I happened to read for amusement Malthus on Population, and being well prepared to appreciate the struggle for existence which everywhere goes on from long-continued observation of the habits of animals and plants, it at once struck me that under these circumstances favourable variations would tend to be preserved, and unfavourable ones to be destroyed. The result of this would be the formation of new species. Here, then, I had at last got a theory by which to work. . . . 4'7 There has been much discussion about the precise debt which Darwin owed to Malthus," and this is relevant to the history of population ecology and the history of the theory of competition in nature.
No less controversial is the evaluation of what Malthus himself con-tributed to population biology. His main positive contribution was simply calling attention to the fact that population tends to grow faster than the food supply. His famous argument of the geometric increase of population vs the arithmetic increase of food was poorly documented and misleading. He did not develop any new mathematical description of population phenomena. 49 The hypothesis which he developed, he confined to man and did not apply to nature. The origin of species is, of course, about evolution, and not primarily about population biology. It does not, therefore, contain a systematic survey of the latter. Andrewartha and Birch have observed that "Darwin based his argument on rate of increase (r= b-d) but most of his examples referred to the influence of environment on death rate".50 Darwin did explain the importance of population dynamics for evolution, particularly in ch. 4 on natural selection and in chs 11 and 12 on geographical distribution (chs 12 and 13 in 6th edition).
Perhaps because Darwin only used population biology as a supporting argument, it does not appear that the Origin stimulated during the following few decades many studies on the subject. Nevertheless, Andrewartha and Birch continue: "Most of the theories that have emerged during the first half of the twentieth century have reflected Darwin's emphasis on survival rate," A similar claim can be made for competition theory: Darwin made fundamental contributions to the subject; there was a long time lag before further research was undertaken; but when ecologists began to study the subject again, they picked up where Darwin left it. 51 The development of population biology from 1860 to 1895 is poorly known. There may be little to know. There is a continuous development of human demography and statistics throughout the eighteenth and nineteenth centuries," and some biologists in the nineteenth century may have absorbed some of this knowledge. Allee's discussion gives that impression, but without demonstrating it.53 What seems more likely is that, with the increasing quantification of other sciences and the increasing sophistication of mathematics, biologists who studied mathematics and other sciences learned to apply mathematical reasoning to biological problems. 54 That this was the case for Mendel seems well established.BII His contemporary, Francis Galton, who was one of the founders of biometry, was fond of mathematics as a student. His biographer, Karl Pearson, had the impression that Galton simply brought a fertile mathematical mind to the investigation of a wide variety of biological problems, and that he was not heavily indebted to prior investigators when developing mathematical analyses of the problems he studied. 56 The other biometrlclans who associated with Galton, the mathematician Pearson and the zoologist Walter F. R. Weldon, were both attracted to the subject by reading Galton'S Natural inheritance (1889) . 51 The prominent botanist Carl Nageli in 1874 published an original study on plant competition that was indeed stimulated by Darwin's theory. For this study Nageli developed mathematical descriptions of the frequency of the competing forms. Unfortunately, this promising start was as uninfluential as Mendel's paper on heredity. 58 The German zoologist Victor Hensen developed sampling techniques to estimate the numbers of earthworms in a given area of land (1877) Brownlee (1906-15) . Presumably, Ross benefited in some way from this tradition in his own mathematical models of malaria and other epidemics , though his historical preface stressed the difference between his work and that of these predecessors rather than the similarity. Ross's work, in turn, provided the starting point for the biomathematician Alfred J. Lotka's own studies in mathematical epidemiology."
Mathematical studies of biological problems had become significant enough by 1901 for Karl Pearson and Francis Galton to found the successful journal Biometrika. During the first two decades of the twentieth century various biologists applied statistics to estimating the numbers of organisms in aquatic or terrestrial areas, but it was not until the 1920s that there were significant new advances in the mathematical descriptions of population dynamics. A movement in this direction was led in America by Lotka and Raymond Pearl and in Italy by Vito Volterra. Both Lotka and Volterra were trained in physics and mathematics and then became interested in the quantitative analysis of biological problems. Pearl was a zoologist whose interest in population analysis developed while studying under Pearson. It was due largely to their work and leadership that statistical techniques from demography were applied to animal populations and the beginnings were made toward developing new mathematical approaches for animal demography." William Streifer's review of models in population ecology is to some extent historically organized and therefore is a valuable assistance in putting this subject into perspective."
From 1907 to 1917 Pearl was head of the department of biology at the Maine Agricultural Experiment Station, where he conducted poultry breeding experiments. In 1918 he went to Johns Hopkins University and organized a department and laboratory of statistics for biology and medicine. There, in 1921, he began with Sylvia L. Parker a long series df experiments on the duration of life of Drosophila melanogaster,the familiar fruit fly of genetics studies. Their pioneering studies established both demographic and genetic properties of the experimental populations. Their work must be viewed, therefore, as the beginning of the interaction between population genetics and population ecology. Furthermore, their experiments set the example for the experimental investigation of population ecology. 64 In 1928 Royal N. Chapman adopted the experimental approach to investigate the environmental resistance to population increase, using the flour beetle, Tribolium conjusum, Thomas Park, in turn, began to study the population of this species in the laboratory, and he has been responsible for much of the American interest in this approach. The Russian biologist G. F. Gause also began to study the populations of organisms, such as yeast and Paramecium in the laboratory to test Pearl, Volterra, and Lotka's mathematical descriptions of increase, competition, and predation. In Australia, A. J. Nicholson attempted to integrate his observations in nature with laboratory experiments."
Neither the observations in nature nor the laboratory experiments clearly established what prevented the potential growth of populations from being realized. Population ecology became a controversial subject, resembling Kuhn's description of a pre-paradigm science.66 Two conflicts in particular arose in the '30s and continued to be debated into the '70s. These are the interrelated questions of whether populations are controlled by density-dependent or density-independent factors and whether two similar species can compete for long in the same niche.
The leading opponents of the importance of density-dependent factors have been H. G. Andrewartha and L. C. Birch, whose well-known arguments were presented in their encyclopedic work, The distribution and abundance of animals (Chicago, 1950 ). This book is probably still the most exhaustive single work ever published on population ecology. They argued that "the division of environment into 'density-dependent' and 'density-independent factors' is misleading because all the evidence indicates that there is no component of environment such that its influence is likely to be independent of the density of the population" (p, 17). For example, the individuals which survive adverse weather conditions might be the ones that found the limited number of sheltered places. Instead of relying upon the above dichotomy of factors, they put forward stochastic models to explain population dynamics.
Because any substantial area is inevitably heterogeneous it is realistic to consider that a natural population comprises a large number of subpopulations or local populations existing more or less separately from one another. This condition occurs partly because of the heterogeneity of the terrain and partly because of chance events that fall unevenly on the local populations in the local situations.6'1
The dichotomy between density-dependent and density-independent factors was suggested by Howard and Fiske (1911) . The terms, however, were not theirs, .but were later applied to their concepts by H. S. Smith Their capitulation has indeed been reported in another recent textbook: "since Birch's paper (1962) the argument can be considered settled. Birch now accepts that populations will frequently be limited in a density dependent way, though he argues there will be some exceptions. It has sometimes been suggested that controversies in population ecology occur between ecologists who study different groups of animals and attempt to over-generalize from their findings. No doubt this has occasionally added heat to controversy, but since entomologists have held different positions in the above controversy, the above suggestion cannot provide the basic key to the problem. Regarding this controversy, it has been mentioned above that the earliest interest in population ecology was stimulated by outbreaks of locust or rodent plagues. The mystery of the locust has been solved. Its outbreaks are controlled by the weather." Rodent cycles have been more difficult to elucidate. Krebs and Myers have recently reviewed the currently plausible explanations: (a) food, (b) predation, (c) weather, (d) stress, (e) behaviour, and (g) genetics. While they were able to shed much light on the cycles using four decades of research data, they could not make a final choice among the above possibilities. They suspected, however, "that studies of the heritability of reproductive capabilities, growth potentials, and behaviour of microtines will be the key to unlocking the mystery of rodent cycles".74
COMPETITION
Until the publication of Darwin's Origin of species, the only comprehensive theory of population ecology was the balance of nature concept. Within this theoretical framework, to the extent that competition was recognized by naturalists, particularly Linnaeus and Buffon, it was viewed as a means by which one species prevented another from destroying the balance. Before the nineteenth century, competition was not clearly distinguished from predation and most naturalists were unwilling to believe that species had become extinct. Around 1800, the consensus shifted toward belief in extinction and in 1820 the botanist Auguste Pyramus de Candolle discussed a. new function of competition-as a factor in the spread of species. In 1832 Lyell extended this argument and discussed competition as a cause of extinction. In 1859 Darwin explained how the extinction of certain populations within a species could lead to the change of the species. His Origin of species must, therefore, be taken as the source of the competitive exclusion principle." No one seems to have investigated Garrett Hardin's suspicion that the principle might be buried away in the economic writings of Simonde de Sismondi (1773-1842), perhaps because of the lack of evidence that he influenced Darwin's thoughts in a way similar to Malthus. 78 The sporadic studies on plant competition before 1929 have been surveyed by Frederick E. Clements, John E. Weaver, and Herbert C. Hanson in Plant competition, an analysis of community functions (Washington, 1929), ch, 1. The history of studies on plant competition is being surveyed anew by James White of the University of Dublin. Although Clements and his associates appreciated the importance of competition for ecology and evolution, and although they set a good example for ecologists in the investigation of competition, and although Russian botanists were also advancing the subject," from the 1930s through the '60s competition was of much greater interest to animal than to plant ecologists. Since the rise of laboratory population studies, there have been doubts expressed about the relevance of experimental results to the understanding of populations in nature. These doubts are relevant to the controversy that developed over the competitive exclusion principle. The principle is derived from Darwin's theory of evolution by natural selection, but it was G. F. Gause (1934) who first focussed the attention of ecologists on the concept. It was not for another decade, however, that debate over the concept arose, at a symposium on the ecology of closely allied species sponsored by the British Ecological Society 0IIll 21 March, 1944. 78 The debate has been over, first, the possibly tautological character of the principle (which would make it unfalsifiable) and, second, how important competition actually is in nature. There are excellent reviews of this controversy." Also relevant to competition theory are two concepts which have pre-twentieth century roots, but which have been developed mostly in this century-niche and territory. Naturalists have been: aware of ecological diversity and the association of particular species with particular habitats since Antiquity, and these are the facts upon which the niche concept is built. Nevertheless, Joseph Grinnell first used the term niche to indicate the subdivision of the habitat occupied by a particular species (1904). Charles Elton popularized the term in his Animal ecology (1927) as indicating the role of species in food chains, and G. Evelyn Hutchinson defined niche in terms of set theory to encompass all relevant environmental factors, such as food, shelter, temperature, and humidity (1957). Bernard Altum (1868) and Eliot Howard (1920) are the most important founders of territory studies. It has become clear that many kinds of animals compete for breeding territories, but the extent to which this limits the increase of the numbers of a species has been less easily determined and continues to be debated."
BALANCE OF NATURE
The balance of nature concept can be traced back to Herodotus and Plato and is probably much older than that. It was the first organizing principle for ecology, but until the time of Linnaeus it functioned as a background assumption. He made the concept, under the name of the economy of nature, the basis of his outline of an ecological science (1749). The general assumption was that God had created all species with definite survival mechanisms, including reproductive potential, longevity, and defence mechanisms which insured the immortality of each species. I t was also assumed that species do not change. Ecological diversity insured that each species had a place and means to live, and that any temporary imbalance in numbers would be brought into check by predation, weather, shortage of food, or other factors.
The first notable challenge to the concept was the shift in the consensus of naturalists concerning the extinction of species. However, since the concept was not explicitly defined, this challenge went unnoticed by most naturalists. The fundamental challenge came, however, from Darwin's theory. However, as mentioned earlier, he did not fully realize the extent to which his theory did challenge Linnaeus's economy of nature concept. Stephen A. Forbes actually developed in 1887 a balance of nature concept that incorporated the theory of natural selection.
The title of his paper, "The lake as a microcosm", isa reminder of the fact that since the time of Plato various authors had defended a particular view of the balance of nature in which the organisms in nature were said to be parts of an integrated whole in the same way that organs or cells are integrated into a functioning organism. Both the general balance of nature concept and the special superorganism concept survived into the twentieth century without having been subjected to serious scrutiny or even much suspicion. I have surveyed the history of both concepts in a paper entitled "Changing concepts of the balance of nature" (ref. 23 ). However, since the appearance of that paper in 1973, I have come to realize that my treatment of developments during the last one hundred years was too brief to do full justice to them. I have also made additional discoveries and have read some relevant sources which I had not seen before publication, I therefore made a number of revisions before this article was translated into Russian for publication/" and I have plans to publish further on the subject in English in a history of ecology being coauthored with Robert P. McIntosh.
Among the additions and changes to my survey the following should be mentioned. The earliest known author to suggest differential longevity among species as a factor in the balance of nature is now Alexander of Aphrodesias (fl. 2nd-3rd century AD) rather than Sir Thomas Browne (1646).82 Stephen A. Forbes was indebted to Herbert Spencer's theory of population in developing his own synthesis of the balance of nature and natural selection." Frederic E. Clements did not, as I hypothesized, abandon in the face of criticism his superorganism concept." Twentieth century developments relating to the balance of nature which deserve more consideration than provided in my survey are stability theory." group selection," and altruism." Michael T. Ghiselin's polemical discussion of the history of the superorganism concept is an interesting supplement to my survey, including as it does a much broader selection of authors from the twentieth century than I did." Finally, A. J. Jansen has published "An analysis of 'Balance in nature' as an ecological concept".89 His paper is organized logically rather than historically, but his conclusions are similar to' mine. He surveys many recent works which I did not cover, and his article provides useful insights into the many perspectives that have developed concerning the meaning of the balance of nature.
